A unique transient leukemia (TL) has been described in newborns with Down syndrome (DS; or trisomy 21 mosaics). This leukemia has a high incidence of spontaneous remission; however, early death and subsequent development of acute megakaryoblastic leukemia (AMKL) have been reported. We prospectively evaluated 48 infants with DS and TL to determine the natural history and biologic characteristics of this disease, identify the clinical characteristics associated with early death or subsequent leukemia, and assess the incidence of subsequent leukemia. Blast cells associated with TL in DS infants exhibited FAB M 7 morphology and phenotype. Most infants (74%) had trisomy 21 (or mosaicism) as the only cytogenetic abnormality in the blast cells. Most children were able to spontaneously clear peripheral blasts (89%), normalize blood counts (74%), and maintain a complete remission (64%). Early death occurred in 17% of infants and was significantly correlated with higher white blood cell count at diagnosis (P < .001), increased bilirubin and liver enzymes (P < .005), and a failure to normalize the blood count (P ‫؍‬ .001). Recurrence of leukemia occurred in 19% of infants at a mean of 20 months. Development of leukemia was significantly correlated with karyotypic abnormalities in addition to trisomy 21 (P ‫؍‬ .037). Ongoing collaborative clinical studies are needed to determine the optimal role of chemotherapy for infants at risk for increased mortality or disease recurrence and to further the knowledge of the unique biologic features of this TL. (Blood. 2006; 107:4606-4613)
Introduction
Children with Down syndrome (DS) have a 10-to 20-fold increased risk of developing leukemia. [1] [2] [3] In the first 4 years of life, most leukemia in children with DS is acute megakaryocytic leukemia (AMKL). The incidence of AMKL is up to 500 times higher in DS than in non-DS children. 4, 5 After the age of 5 years, the ratio of acute myeloid leukemia (AML) to acute lymphoblastic leukemia (ALL) reverts to that of the general pediatric population; however, the incidence of leukemia still remains about 10 times higher in children with DS than in children without DS.
A unique syndrome occurs only in newborn infants with DS (or trisomy 21 mosaicism) and is frequently referred to as transient myeloproliferative disorder, transient abnormal myelopoiesis, or transient leukemia (TL). The first case was reported by Schunk and Lehman in 1954. 6 TL is unique and historically associated with a high incidence of spontaneous remission. Many infants may be clinically well at presentation with an incidental finding of circulating blasts in the blood. In some cases, however, the disease is severe and potentially lethal, manifesting as hydrops fetalis, multiple effusions, and liver or multiorgan system failure. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Most of the natural history and biology of TL has been gleaned from sporadic case reports or retrospective reviews of medical or pathologic records. 4, 5, 15, 17 Frequently TL disappears during the first 3 months of life, but after a period of normal marrow morphology and peripheral blood count recovery a significant percentage of patients develop acute leukemia (most commonly AMKL) within the first 4 years of life. Unlike TL, if left untreated, the subsequent leukemia does not spontaneously regress. 4, 5, 15, [17] [18] [19] In 1996, the Pediatric Oncology Group (POG) initiated the first prospective study (POG 9481 ) to look at the clinical features, biology, and natural history of TL in children with DS (or trisomy 21 mosaicism), and to identify DS infants at risk for early death or development of subsequent leukemia.
Patients, materials, and methods

Study population
Neonates with trisomy 21 or trisomy 21 mosaicism up to the age of 3 months who had the presence of circulating blasts in the peripheral blood or pathologically documented presence of blast cells in effusions or organ infiltrates were eligible for registration in POG 9481. Exclusion criteria were leukocytosis or hepatosplenomegaly that was clearly related to major blood group incompatibility (Rh disease), overt sepsis, or severe congenital infection (ie, toxoplasmosis, rubella, cytomegalovirus, and herpes simplex [TORCH] ; syphilis; or parvovirus). From January 1996 through August 15, 1999, 48 eligible patients were enrolled from POG institutions in the United States, Canada, and abroad after written informed consent from parents or guardians was obtained.
Clinical data
The following information was obtained on the patients: sex, race, estimated gestational age, birth weight, time of symptom onset, time of diagnosis, symptoms at presentation, presence of other congenital anomalies, and presence of organomegaly and lymphadenopathy.
Laboratory data
The following studies were obtained: complete blood counts with indices and review of peripheral smear, total and direct bilirubin, alanine aminotransferase (ALT), and aspartate aminotransferase (AST). A bone marrow aspirate and biopsy were encouraged but not required for study entry. Cytochemical, flow cytometry, and cytogenetic data were obtained from institutional pathology reports.
Pathology review
Peripheral and bone marrow smears were centrally reviewed by Dr Alvin Zipursky at the Hospital for Sick Children (Toronto, ON, Canada). Dr Zipursky's laboratory served as the reference laboratory for specimens on study registrants.
Clonality studies
DNA was extracted from mononuclear cells isolated from peripheral blood or bone marrow samples with Qiagen (Valencia, CA) Q1A DNA extraction kit according to the manufacturer's recommendations. DNA concentration and purity were determined by spectrophotometry. DNA (0.5 g) was restriction digested with Hha 1 from Promega (Madison, WI) overnight at 37°C. Then, 0.1 g of both restriction-digested and undigested DNA was amplified using a previously published protocol, 20 with the modification that the forward primer was labeled with Cy-5 fluorescent dye at the 5Ј end, in a total volume of 20 L. Polymerase chain reaction (PCR) products were analyzed on ABI (Foster City, CA) 3100 genetic analyzer by capillary electrophoresis. A change in ratio of more than 3 in the peak areas of the 2 alleles in the informative cases was scored as positive for monoclonality.
Follow-up of patients
Physical examination and complete blood counts and liver enzymes were followed at least monthly until the peripheral blasts cleared and the hemogram returned to normal. After resolution of TL, physical examination and peripheral blood counts were to be obtained every 3 to 6 months for 5 years. Duration of follow-up has been 4 to 7 years, with a median duration of 3.5 years.
Therapy
POG 9481 was not a therapeutic study and no therapeutic interventions were suggested. Supportive care measures and chemotherapy were left to the discretion of the principal investigator but recorded in the follow-up of the patient. For patients who eventually developed AMKL, therapy on POG 9421 (frontline AML clinical trial) was encouraged. Investigators were advised not to treat the infants who were asymptomatic.
Statistical analysis
The distributions of overall survival and time from registration to the development of leukemia were estimated by the Kaplan-Meier method 21 with standard errors of Peto et al. 22 The correlation between covariates and outcome was evaluated by the univariate proportional hazards model 23 or by the Fisher exact test. Due to the small sample size and the nature of multiple testing, the correlation analyses were exploratory and results are tentative. All reported P values are 2-sided.
Results
Patient characteristics
Of the 48 evaluable patients 29 (60%) were boys and 19 (40%) were girls. Ethnic background revealed 26 (54%) to be white, 14 (29%) Hispanic, 3 (6%) African American, 2 (4%) Asian, and 3 other. Birth weight was reported in 30 patients. The median birth weight was 3.07 kg (range, 1.70-4.21 kg; mean, 3.04 kg). Estimated gestational age was reported in 26 patients. The median gestational age was 37 weeks (range, 32-41 weeks; mean, 37 weeks).
Symptom onset and physical findings
The median age at diagnosis of TL was 7 days (range, 1-65 days; mean, 13 days). The median delay from onset of signs and symptoms to diagnosis was 3 days (range, 0-32 days; mean, 6 days). The physical findings and signs/symptoms at presentation are shown in Tables 1 and 2 . Hepatosplenomegaly, effusions, bleeding, and petechiae were the most common findings in symptomatic infants.
Laboratory and pathologic data
Laboratory data at the time of diagnosis of the 48 evaluable patients are presented in Table 3 . In all the patients, the blast cells were described as large cells with amorphous nuclei, prominent nucleoli, and basophilic cytoplasm. Foci of cytoplasmic azurophilic granules were identified as well as cytoplasmic blebs (Figure 1 ). Findings on bone marrow aspirates (n ϭ 25) were more variable. Specimens ranged from hypocellular to hypercellular. In 75% of the specimens examined, abnormal megakaryocyte maturation was identified with the presence of micromegakaryocytes and dysplastic megakaryocytes. Dyserythropoiesis was seen in 25% of the specimens reviewed.
Besides bone marrow aspirates, 5 patients had other diagnostic biopsies. Four patients had liver biopsies and one patient had a skin biopsy. All 4 liver biopsies showed similar results and revealed Abdominal distention 13 (27) Bruising/petechiae/bleeding 12 (25) Respiratory distress (hypoxia, apnea, tachypnea) 10 (21) CHF indicates congestive heart failure; IUGR, intrauterine growth retardation. *Abnormal blood counts or blasts on peripheral smear only.
TRANSIENT LEUKEMIA AND DOWN SYNDROME 4607 BLOOD, 15 JUNE 2006 ⅐ VOLUME 107, NUMBER 12 For personal use only. on November 7, 2017. by guest www.bloodjournal.org From significant fibrosis, cholestasis, extramedullary hematopoiesis, and sinusoidal infiltration with megakaryoblasts. The one skin biopsy revealed a leukemic cell infiltrate compatible with megakaryoblasts.
Cytochemistry
The cytochemical staining pattern was variable. Periodic acidSchiff (PAS) was the only stain that was consistently negative. Sudan black and myeloperoxidase stains were usually negative (Table 4) .
Immunofluoroscopy studies
Immunofluorescent markers on the blast cell population that were commonly expressed markers included CD7, CD33, CD45, and CD34 as well as glycophorin (Table 5 ). Of note is that although cell surface expression of CD41, CD42b, and CD61 was variable, electron microscopy with immunogold labeling of CD61 was usually positive. 24 Although not routinely tested, a few samples (n ϭ 3) were examined for the presence of c-kit and all were positive.
Cytogenetics
Cytogenetics at diagnosis of peripheral or bone marrow hematopoietic cells were successfully obtained in 42 patients and are presented in Table 6 . Most patients (n ϭ 31 or 74%) exhibited trisomy 21 as their only cytogenetic abnormality. Of the 5 mosaics, 4 were girls. No girls exhibited additional clonal cytogenetic abnormalities at diagnosis compared to 7 (27%) of the boys. Of these 7 boys, 4 went on to develop subsequent leukemia, 2 experienced early death, and only 1 remains in continuous remission. Cytogenetics were again obtained at recurrence of leukemia. Clonal evolution of additional abnormalities was apparent in 7 of the 9 children and is shown in Table 7 .
Clonality
Blast cells in 10 of 19 female patients underwent analysis of methylation patterns of hypoxanthine phosphoribosyltransferase (HPRT) genes located on the X chromosome. Of these 10 patients, 5 of 10 (50%) were monoclonal and 2 (20%) were polyclonal. One of these patients with a polyclonal pattern was a trisomy 21 mosaic. Three specimens were indeterminate.
Outcomes
Outcome data were available on 47 patients, of whom 42 (89%) had disappearance of their peripheral blasts in a mean of 58 days (range, 2-194 days). Two of these 42 patients (5%) had a transient reappearance of blasts without any other symptoms. Thirty-five of the 42 children who cleared peripheral blasts (88%) completely normalized their blood counts (normal hemoglobin, white blood cell count, and platelets for age) at a mean of 84 days (range, 2-201 days). The other 7 children went on to early death (n ϭ 3) or developed subsequent leukemia (n ϭ 4).
Early death (Ͻ 9 months of age) occurred in 8 of 47 patients (17%) at a mean of 90 days. Three of these children (38%) did clear peripheral blasts before death, but none normalized their blood counts. Nine of 47 patients (19%) subsequently developed leukemia at a mean of 20 months of age (range, 9-38 months). Thirty of the total 47 (64%) evaluable patients and 30 of the 42 (71%) who cleared peripheral blasts remain in a continuous first "remission" (normal blood counts) 274 to 1909ϩ days from diagnosis. WBC indicates white blood cell; MCV, mean corpuscular volume. *n ϭ 36. †n ϭ 28; aspirates in 4 patients were nondiagnostic (consisting of 3 "dry taps" and one dilute specimen). Thus, for bone marrow blast percentage, n ϭ 24.
‡n ϭ 37; in 16 patients bilirubin was fractionated and was predominantly direct bilirubin.
§n ϭ 41. For personal use only. on November 7, 2017. by guest www.bloodjournal.org From demonstrates the overall and event-free survival for these 47 patients. The probabilities of not developing leukemia were 94.7% at year 1, 83.5% at year 2, and 76.3% at year 3 (95% CIs of 87.4%-100%, 70.8%-95.8%, and 51.4%-93.3%, respectively).
All 8 children (17%) who died early had liver failure and disseminated intravascular coagulation as terminal events. Multiple effusions (ascitic, pericardial, and pleural) were also frequent complicating features in the infants with early death. Liver biopsies were done in 2 of these children and pathologically demonstrated hepatic fibrosis with extramedullary hematopoiesis and leukemic infiltrate with megakaryocytic differentiation. A postmortem examination on one child failed to show any residual leukemia at time of death. Two of the children were treated shortly before death with low doses of cytosine arabinoside (10 mg/m 2 /dose twice a day) for 1 to 2 days without any clinical improvement. Covariates that significantly correlated with early death (univariate proportional hazards model) included higher white blood cell counts at diagnosis (P Ͻ .001), higher ALT and AST levels during course of illness (P Ͻ .001 and .005, respectively), and failure to clear peripheral blasts (P ϭ .001).
Of the 9 children (19%) who developed subsequent leukemia, 8 (89%) developed FAB M 7 AMKL and 1 developed early B-lineage ALL. All 8 children with AMKL received chemotherapy. Six were treated with intensive AML induction (including cytarabine and daunomycin) and consolidation chemotherapy (5 of 6) or stem cell transplantation (1 of 6). All achieved a complete remission and continue to do well. One child was treated with low-dose cytarabine for 2 years and also remains in complete remission. In only 1 of these 8 children did multiple induction attempts fail and the child died. The child with B-lineage ALL achieved a complete response with standard ALL induction therapy. The only covariate that significantly correlated with development of leukemia (Fisher exact test) was abnormal cytogenetics in addition to trisomy 21 at initial diagnosis (P ϭ .037). The ratio of the hazard of developing acute leukemia for patients with cytogenetic abnormalities in addition to trisomy 21 to that for patients without additional cytogenetic abnormalities was 6.77 (95% CI, 1.78-25.60). Due to the small sample size, the results from the correlation analyses are tentative.
Thirty infants remain clinically well with normal blood counts and no development of leukemia. Three of these children (10%) received chemotherapy shortly after diagnosis at the discretion of the principal investigator. One was treated with standard AML induction and 2 were treated with 7 days of low-dose cytosine arabinoside (10 mg/m 2 /dose twice a day). One of the latter children had biopsy-proven megakaryoblastic infiltration of the liver, and the other had biopsy-proven megakaryoblasts in skin lesions.
Supportive care measures included exchange transfusions in 2 infants, one of whom died. Packed red blood cells were administered to 23 Five infants with trisomy 21 mosaicism (4 girls, 1 boy) were identified in the study. One was lost to follow-up. One boy developed subsequent AMKL and had an additional chromosomal anomaly at the time of diagnosis of his TL. He was treated for AMKL and achieved a complete remission. Three of the 4 girls remain in continuous remission; however, 2 received chemotherapy in the newborn period. Tables 8 and 9 summarize the clinical and laboratory findings of children with TL as compared to their outcomes. The results indicate that infants with progressive organomegaly, visceral effusions, and laboratory evidence of progressive liver dysfunction are at particularly high risk for early mortality. In contrast, children who develop subsequent leukemia are often asymptomatic at birth, but do exhibit abnormal blood counts and often abnormal cytogenetics in addition to trisomy 21.
Discussion
POG 9481 is the first prospective, multi-institutional study to examine the natural history of transient leukemia in newborns with DS or trisomy 21 mosaicism. Early reports of this enigmatic myeloproliferative disorder first appeared in 1954 6 when the overall mortality for children with acute leukemia approached 100%. Perhaps the lack of efficacious therapy in those years led to the fortuitous observation that children with DS and what appeared to be neonatal leukemia spontaneously went into remission. For personal use only. on November 7, 2017. by guest www.bloodjournal.org From Subsequently, various case reports, small series of patients, and retrospective reviews have shown that these blasts cells are frequently of megakaryocytic origin, with varying degrees of differentiation, [24] [25] [26] [27] [28] [29] and that they are clonal in nature. 30, 31 Despite the initial implication that this disorder was "benign," case reports in the late 1980s and 1990s described infants with hydrops fetalis who were moribund at birth as well as infants who exhibited rapid progression of disease with organ infiltration (primarily hepatic), end-organ failure, and death. 16, [32] [33] [34] [35] [36] Finally, retrospective reviews also indicated that some patients developed subsequent acute leukemia, usually preceded by a period of myelodysplasia and usually developing in the first 3 years of life. 15, 17 This subsequent leukemia did not regress spontaneously but was highly sensitive to chemotherapy. [37] [38] [39] The incidence of TL in infants with DS may approach 10% 40 ; however, no large population-based study among patients with DS has yet been carried out to verify this. Although all infants with DS are screened for congenital heart disease, no current recommendations exist for "screening" blood counts in these infants. POG 9481 included all patients who had circulating blasts or organ infiltrates with blasts (or both), but it is very likely that a significant number of patients were not referred or registered because of failure to diagnose TL in the newborn period. Thus, the conclusions reached in our study are influenced by a reporting bias in that only patients with symptoms or blood counts drawn for unrelated reasons were included. Prospective studies are still needed to establish the true incidence of this disorder.
Our study confirmed previous findings that the blast cells in these patients all expressed megakaryocytic features. [24] [25] [26] [27] [28] [29] However, cell surface markers such as CD41, CD42b, and CD61 were not uniformly expressed and the megakaryocytic lineage of these cells was confirmed by the presence of CD61 on electron microscopic studies. 24 The variable but frequent appearance of other markers such as CD7, CD33, CD45, CD34, CD56, and glycophorin suggest the possibility of a pluripotent stem cell defect with preferential megakaryocytic differentiation. Although rare, rearrangements of the T-cell receptor ␤ gene and lineage conversion have also been described. 41, 42 This could explain why subsequent acute leukemia is usually megakaryocytic, but may be lymphoblastic as well in a minority of cases. Furthermore, the presence of c-kit expression on the few samples studied warrants future investigation and could potentially prove to be of therapeutic benefit as well.
Because TL appears to be restricted to patients with DS or trisomy 21 mosaicism, the origin of TL must be related to a cytogenetic abnormality in chromosome 21. 43 Whether this is simply a result of increased gene dosage or a result of disomic homozygosity remains to be determined. [44] [45] [46] Candidate genes for leukemogenic potential that are expressed on chromosome 21 include the FPDMM gene (cause of the autosomal dominant familial platelet disorder), 47 AML1 gene (associated with FAB M 2 AML), 48 IFN-␣/␤ receptor (IFNAR), CRF2-4 (cytokine family 2-4), and phosphoribosylglycinamide formyltransferase. 43 However, most newborns with DS never develop TL. Of those who do, our study indicates that about 60% will experience a spontaneous and continuous remission, about 20% will experience early death [20] 48XXϩ21cϩ21 [11] ; 47XYϩ21c [9] 2-AMKL 47XYϩ21cdel(16)(q21) [4] ; 47XYϩ21c [16] 47XYϩ21c [12] 3-AMKL 48XYϩ21cϩ11 [4] ; 47XYϩ21c [16] 48XYϩ21cϩ11 [8] 4-AMKL 47XYϩ21c [26] ; 45-46XYϩ21c [4] (random loss) 48XYϩ21cϩ8
5-ALL 47XXϩ21c [20] 47XXϩ21c [20] 6-AMKL 47XYqs,del(13)(q13q31)ϩ21 [20] /46XYqs [3] 47XYqs,ϩ21del(13)(q13q31), add (17) 7-AMKL* 47XYϩ21c [20] 47XYϩ21c,isochrome 7(q10) [12] 8-AMKL 47XYϩ21c [20] 49XYϩ21cϩ21ϩ8 [9] /47XYϩ21c [11] 9-AMKL 46XYder(14;21)(q10:q10)cϩ21c [5] 46XY der(14;21)(q10:q10)cϩ21c [5] /46XYder(7)t(1;17)(q21;q36),der(14;21)(q10;q10)cϩ21c [5] ALL indicates B-precursor acute lymphoblastic leukemia. *The one patient who died despite intensive therapy. Days to normal CBC from diagnosis -84 -All data represent mean values. For early death, n ϭ 8; for TL, n ϭ 48. EGA indicates estimated gestational age; CBC, complete blood count; NS, not significant; -, not applicable. *Represents 8 patients who died at younger than 9 months of age. †Represents 48 total patients in study. ‡Symptoms at diagnosis include hepatosplenomegaly, visceral effusions, and infiltrative skin rash (excluding petechiae).
§Normalized CBC indicates normalization of complete blood count (ie, normal hemoglobin, WBC count, platelet count, and differential for age).
(predominantly due to liver failure), and about 20% will develop subsequent leukemia (predominantly FAB M 7 ). These findings imply that trisomy 21 may be the "first hit," but that subsequent genetic, biologic, or environmental factors must exist to explain disease course and outcome.
For example, early death was significantly correlated with abnormal levels of liver enzymes and hepatic dysfunction. These infants were also universally symptomatic from birth. In most cases the regression of TL coincided with normal spontaneous regression of liver hematopoiesis. In this subset of children who exhibited liver failure, hepatic fibrosis appeared to be the primary pathogenic abnormality. One could speculate that this may somehow involve the AML1 gene which (along with its association with FAB M 2 AML) has also been shown to be essential for normal fetal liver hematopoiesis in the mouse model. 48 Alternatively, the presence of megakaryoblastic infiltration may lead to release of cytokines (platelet-derived growth factor and transforming growth factor ␤), which are known to induce fibrosis. 49, 50 In contrast, infants who subsequently developed acute leukemia were commonly asymptomatic at birth. Progression to leukemia was significantly associated with additional karyotypic abnormalities in addition to trisomy 21 at time of diagnosis of TL. The fact that the subsequent leukemic clone may have the same cytogenetic abnormality as the TL points to the possibility of a 2-or even 3-step hypothesis in the evolution of TL (the first step being the presence of trisomy 21, the second step being a mutation associated with TL, and the third being a mutation associated with the development of acute leukemia). In contrast to previous retrospective data, trisomy 21 mosaics may also develop subsequent leukemia, although the numbers of patients in our study were too small for statistical analysis. 15 The risk of developing subsequent leukemia diminishes after 3 years. Further long-term prospective studies and data collection are needed to see if leukemia developing in older children with DS is biologically or molecularly related to known characteristics of TL.
Of interest is also the finding that boys had an overall poorer survival (although the P ϭ .09 did not reach the level of statistical significance). Six of the 8 patients with early death were boys, as were 7 of the 9 who developed acute leukemia. The one mosaic patient who went on to develop acute leukemia was also a boy. Furthermore, none of the female patients had evidence of additional chromosomal anomalies at the time of diagnosis of their TL, whereas 27% of the boys had an additional clonal abnormality. However, the TL cells of girls were still of presumed monoclonal origin as demonstrated by the HRPT clonality studies.
Several reports have now implicated the mutagenesis of the hematopoietic transcription factor gene GATA1 as an initiating event in DS leukemogenesis. The GATA1 gene, located on the X chromosome, encodes a zinc-finger transcription factor that is essential for normal erythroid and megakaryocytic differentiation. 51, 52 Somatic mutations in exon 2 of GATA1 have been detected exclusively in trisomy 21-associated TL as well as AMKL, but not in any non-DS-related AMKL. [53] [54] [55] The role of GATA1 in erythroid as well as megakaryocytic differentiation may help explain the multilineage features of TL blast cells. GATA1 mutations are likely early events that occur prenatally and may be considered the second "hit" or mutation in the development of TL. 56 Furthermore, the presence of somatic mutations of GATA1 on the X chromosome may contribute to the trend toward a higher incidence of potentially lethal disease or acute leukemia in boys (single GATA1 mutation) as compared to girls (one GATA1 mutation and a possibly "protective" normal gene). The possibility of more than one type of GATA1 mutation in the female patient may also explain why the clonality studies revealed some specimens to be polyclonal or indeterminate.
Finally, the blast cells in both TL and subsequent AMKL appear to be highly sensitive to cytosine arabinoside. This is thought to be due in part to increased expression of the chromosome 21 localized genes CBS (cystathionine ␤-synthetase) and SOD (superoxide dismutase), the latter being associated with increased apoptosis. 57, 58 Clinically, because of this increased chemosensitivity, the use of low-dose cytosine arabinoside may be an attractive therapeutic option in neonates exhibiting liver involvement. The low toxicity and efficacy of this therapy have been previously described and may lead to decreased mortality if instituted early in the disease course. 16 Our data would support the recommendation of early chemotherapeutic intervention with cytosine arabinoside in infants with progressive organomegaly and evidence of liver dysfunction. The use of low-dose cytarabine as a preventive measure for subsequent development of leukemia in these children also merits further clinical trials. Preliminary data indicate that boys with cytogenetic abnormalities in addition to trisomy 21 at time of diagnosis of TL may be at higher risk for adverse outcomes and thus may potentially benefit from "prophylactic" chemotherapy.
In conclusion, AMKL associated with DS is a unique clinical entity. It has the potential for spontaneous regression, is associated with a specific molecular alteration, and is exquisitely sensitive to chemotherapy. The further study of these unique biologic features of TL and trisomy 21 is likely to contribute to our understanding of the complex mechanisms of hematopoiesis, leukemogenesis, and pharmacokinetics in leukemia therapy. Ongoing collaborative clinical studies are needed to determine the optimal role of chemotherapy in infants at risk for early death from TL and to better characterize the subgroup at risk for future acute leukemia. All data represent mean values. For acute leukemia, n ϭ 9; for TL, n ϭ 48.
-indicates not applicable. *Represents 9 patients who developed subsequent acute leukemia. †Represents 48 total patients in study. ‡Symptoms at diagnosis include hepatosplenomegaly, visceral effusions, and infiltrative skin rash (excluding petechiae).
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